Gemcitabine (GCB), which functions via the inhibition of DNA synthesis, is commonly used in the treatment of bladder cancer; however, its response rate is not satisfactory due to the development of drug resistance. The potential for phytochemicals to reverse drug resistance in bladder cancer tumor cells was evaluated. A human bladder cancer cell line, T24, was cultured, and GCB-resistant cells (T24-GCB) were also established. The acquired resistance of T24-GCB to GCB was measured using an MTT assay. The gene expression of ATP-binding cassette (ABC) transporter protein family members was analyzed using reverse transcription-quantitative PCR analysis, and western blotting was performed to verify ABC family protein, cytoplasmic thymidine kinase (TK) and poly (ADP-ribose) polymerase (PARP) expression on whole cell lysates. Subsequently, resveratrol and curcumin were used to evaluate their modulation potential in decreasing the drug resistance of T24-GCB cells to GCB using MTT and migration assays. T24-GCB cells have increased drug resistance ability, with an 18.75-fold higher ID 50 value compared with native T24 cells (105 vs. 5.6 nM). T24-GCB cells also exhibit increased cross resistance to mitomycin C and paclitaxel. The mRNA expression of ABCC2 in T24-GCB cells increased compared with that in native T24 cells. Via western blot analysis, it was determined that the expression of ABCC2 protein was also increased in T24-GCB cells. Conversely, the expression of ABCB1, ABCG2, deoxycytidine kinase (DCK), TK1 and TK2 decreased. Following curcumin and resveratrol treatment alone or combined with GCB, additive cytotoxic enhancement was observed, and the migratory abilities of T24-GCB cells were significantly decreased. Western blot analysis revealed that ABCC2 protein expression increased, and DCK, TK1 and TK2 expression decreased following co-treatment of T24-GCB cells with GCB + curcumin or resveratrol compared with GCB alone. Of note, there was a marked increase in cleaved-PARP expression in T24-GCB cells treated with a combination of GCB + curcumin or resveratrol. Both curcumin and resveratrol could reverse the drug resistance of T24-GCB cells in an additive pattern though PARP enhancement without changes in ABCC2 and DCK, TK1 and TK2 expression.
Introduction
Bladder cancer, the most common transitional cell carcinoma or urothelial cell carcinoma (UCC), is among the top 10 most prevalent cancers worldwide (1) . It is a highly recurrent and metastatic malignancy that is refractory to chemotherapy and radiotherapy, which decreases its therapeutic efficacy and prognosis (2) . Gemcitabine (GCB) is a deoxycytidine analogue with promising antitumor activity, which has been comprehensively used in several types of combined treatment of UCC (2) . However, GCB-resistant UCC has been reported, which has also been associated with multidrug resistance (MDR). MDR refers to a phenomenon where cancer cells have a reduced susceptibility to a chemotherapeutic agent following extensive exposure to it, and subsequently develop cross-resistance to different chemotherapeutic drugs (1, 2) . MDR mechanisms include decreased uptake of the drug, reductions of intracellular drug concentrations by efflux pumps, altered cell cycle checkpoints, increased metabolism of the drug and impaired apoptotic pathway (3) .
ATP-binding cassette (ABC) transporters represent a highly conserved family of transmembrane proteins comprised of 49 members classified into seven gene super families (ABCA-G) (4) . ABC transporters fundamentally participate in the substrate influx and efflux of cells upon ATP hydrolysis; their enhanced expression has been reported in several types of cancer, including breast cancer and renal cancer, and has been associated with the efflux of a wide variety of cytotoxic drugs, therefore becoming the most reported field of chemoresistance (4) . At present, several ABC transporters have been reported as potent drug pumps involved in MDR, including ABC superfamily B member 1 (ABCB1; also known as multidrug resistance protein 1 and P-glycoprotein), ABC superfamily G member 2 (ABCG2; also known as breast cancer resistance protein) and ABCC1 (also known as multidrug resistance-associated protein 1); these pumps were reported to be dysregulated and responsible for MDR in several types of cancer, including breast cancer, colon cancer and prostate cancer (5) (6) (7) (8) . Therefore, the present study was designed to determine the underlying mechanisms of GCB resistance and identify novel potential therapeutic strategies for GCB resistance in bladder cancer. In addition to investigating the dysregulation of GCB metabolic pathway, the association between ABC transporter dysregulation and GCB resistance was also investigated.
Phytochemicals, chemicals found naturally in plants, regulate and protect the health of humans through their antioxidant and anti-inflammatory effects (9), although they are not essential nutrients. In addition, several phytochemicals have been reported to affect cancer cell survival. Curcumin, silymarin and resveratrol phytochemicals may prevent tumorigenesis by inhibiting or retarding tumor progression, or by promoting cell differentiation in cancer (9) (10) (11) . Thus, phytochemicals may provide insight into discovering novel therapeutic compounds to treat GCB-resistant UCC cells. The aim of the present study was to explore whether curcumin and resveratrol could modulate the GCB resistance of bladder cancer and identify the mechanisms involved.
Materials and methods
Reagents. Avastin was used at 25 mg/ml, was stored at 2-8˚C and obtained from Roche Diagnostics. Doxorubicin was used at 2 mg/ml, was stored at 2-8˚C and obtained from (TTY Biopharm Company Ltd.). Epirubicin was used at 2 mg/ml, was stored at 2-8˚C was purchased from Pfizer, Inc. Mitomycin C was used at 0.4 mg/ml was stored at <25˚C and purchased from Kyowa Hakko Kirin Co., Ltd. and paclitaxel was used at 6 mg/ml, was stored at 15-30˚C and purchased from Yung Shin Pharmaceutical Industrial Co., Ltd.
Cell lines. T24 (ATCC ® HTB-4™), a bladder carcinoma cell line, was cultured in RPMI-1640 medium supplemented with 10% FBS (both from Corning, Inc.) and 100 U/ml penicillin at 37˚C in a humidified atmosphere with 5% CO 2 . GCB-resistant T24, (T24-GCB), was cultured in RPMI-1640 medium with 10% FBS, 100 U/ml penicillin and 0.5 nM GCB (TTY Biopharm, Co, Ltd.) for a minimum of 8 weeks.
MTT assay of GCB cytotoxicity to T24 and T24-GCB cells. Cellular chemo-sensitivity was evaluated using a modified MTT assay to determine cell viability in vitro. In brief, T24 and T24-GCB (1,500 cells/well) in 100 µl RPMI culture medium were seeded into 96-well microplates and incubated for 16 h at 37˚C before treatment with 0, 0.001, 0.003, 0.01, 0.03, 0.1, 0.3, 1 or 3 µM GCB for 24 hrs. The plated cell numbers were calculated to keep control T24 cells growing in the exponential phase throughout the incubation period. Cytotoxicity was evaluated using a serial dilution of each drug after 72 h treatment. Cells were treated with 100 µl 0, 12.5 or 25 mM curcumin and 0, 75 or 150 µM resveratrol with or without GCB for 72 h. Following which, 100 µl MTT (1 mg/ml in PBS) was added to each well and incubated for 3 h at 37˚C. The blue formazan crystals were dissolved in 100 µl DMSO. The optical density was determined using absorbance spectrometry at 560 nm using a microplate reader (Multiskan ® EX; Thermo Fisher Scientific, Inc.). A total of three separate experiments, run in triplicate were performed to obtain the mean cell viability. The drug concentrations inhibiting cell growth by 50% (IC 50 ) were determined using Calcusyn software (v1.1; Biosoft).
RNA preparation and reverse transcription-quantitative PCR (RT-qPCR) analysis of MDR-related mRNAs in T24
and T24-GCB cells. Total RNA was isolated from cells using TRIzol ® reagent (Invitrogen; Thermo Fisher Scientific, Inc.) and treated with RQ1 RNase-free DNase (Promega Corporation) according to the manufacturer's instructions to remove genomic contamination. A total of 5 µg treated RNA was used for RT with SuperScript III (Invitrogen; Thermo Fisher Scientific, Inc.) at 50˚C for 1 h. The thermocycling conditions for SYBR Green-based qPCR were: Initial denaturation at 95˚C for 30 sec; followed by followed by 40 cycles of denaturation at 95˚C for 5 sec, annealing at 60˚C for 30 sec and extension at 60˚C for 30 sec; and a final extension step of 72˚C for 20 sec. (Applied Biosystems; Thermo Fisher Scientific, Inc.) using 2X Hot Start PCR Master mix (Applied Biosystems; Thermo Fisher Scientific, Inc.), and GAPDH was used as an internal control and the 2 -∆∆Cq method was used to quantify gene expression (12) . Each treatment condition was run in six replicates. Primer sequences are provided in Table I .
Western blot analysis of MDR-related proteins in T24 and T24-GCB cells. Western blot analysis was used to identify changes in protein expression between T24-GCB and T24
UCC cells. Protein concentration was determined using a bicinchoninic acid assay. Several proteins were analyzed, including: ABCB1 (cat. no. 13342), ABCC2 (cat. no. 4446) and ABCG2 (cat. no. 4477; all Cell Signaling Technology, Inc.) for drug efflux, deoxycytidine kinase (DCK; cat. no. GTX632065), thymidine kinase (TK)1 (cat. no. GTX113281; both GeneTex, Inc) and TK2 (cat. no. ab123785; Abcam) for drug metabolism, and poly (ADP-ribose) polymerase (PARP; cat. no. 9542; Cell Signaling Technology, Inc.) cleavage for apoptosis. a-tubulin (cat. no. MS-581) was used as a loading control. Briefly, 1x10 6 treated cells were harvested using trypsin, washed with PBS twice and centrifuged at 3,000 x g for 5 min at room temperature. Cells were resuspended in 100 µl RIPA buffer containing with cocktail protease inhibitor (Roche Diagnostics). A total of 50 µg protein was separated using 10% SDS-PAGE and transferred to PVDF membranes (EMD Millipore) using an electroblotter at 100 V for 1 h at 4˚C. The membranes were subsequently blocked with 5% skimmed milk for 1 h at room temperature. All primary antibodies were diluted 1:1,000 in TBS-Tween-20 (TBST) containing 5% skimmed milk and membranes were incubated for 1 h at room temperature with gentle agitation. The blots were washed three times with TBST and incubated with goat anti-rabbit antibody or goat anti-mouse antibody conjugated to horseradish peroxidase (both from CST Biological Reagents Co., Ltd.; cat. nos. 7470 and 7076, respectively) for 1 h at room temperature. After three further washes with TBST, chemiluminescence reagent (Bio-Rad Laboratories, Inc.)was used for protein detection. The membrane was analyzed using a BioSpectrum 810 imaging system (UVP LLC) and densitometry analysis was performed Image J (V1.8.0_112).
Wound-healing assay. Tumor cell migratory ability was measured using a wound-healing assay. Briefly, 2x10 5 T24 and T24-GCB cells were seeded on a 12-well microplate for 8 h individually. When cells reached 90% confluence, wounds were created using a 1,000 µl tip, washed with PBS twice, and the culture medium was replaced with serum-starved medium containing either Curcumin (10 µM) or resveratrol (10 µM) at the start of the experiment (0 h). The diameter of the wound was imaged under light microscopy at x40 magnification (Olympus Corporation) at 6 and 12 h. The diameter was measured from each picture using SPOT software version 5.6 (SPOT Imaging; Diagnostic Instruments, Inc.). Each experiment was repeated independently, at least three times.
Statistical analysis. Cytotoxicity, migrating cells, apoptotic changes, RNA and protein changes are presented as the mean ± SD. Statistical analysis was performed in SPSS version 24.0 (IBM, Corp.). ANOVA with least significant difference post hoc test was used to analyze differences in the wound-healing assay, and the Student's t-test was used for all other statistical comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results
Cross-chemoresistance of T24-GCB cell line. The T24-GCB cell line was established successfully, and the drug sensitivity of GCB was confirmed using an MTT assay (Fig. 1 ). T24-GCB cells exhibited increased drug resistance, with an 18.75-fold higher ID 50 compared with that of native T24 cells (105.9 vs 5.6 nM; P<0.001; Table II ). In addition, Avastin, doxorubicin, epirubicin, mitomycin C and paclitaxel, which are comprehensively used chemotherapy drugs in clinical practice, were also selected to assess the drug resistance ability of T24 and T24-GCB cells. Cytotoxicity was evaluated using a serial dilution of each drug after 72 h treatment. Notably, T24-GCB cells were also cross-resistant to mitomycin C and paclitaxel (P<0.001). Although T24 cells appeared to be less resistant to epirubcin compared with their resistance to doxorubicin, there was no statistically significant difference in the sensitivities of either cell lines to both drugs (Fig. 1) .
MDR-related mechanisms of T24-GCB cell line.
Differences in the mRNA expression of drug efflux pumps between T24 and T24-GCB cells were compared using RT-qPCR, including ABCB1, ABCC1, ABCC2, ABCC3, ABCC4, ABCC6, ABCC7, ABCC12, ABCD1, ABCG1 and ABCG2. There were significantly higher mRNA expression levels of ABCC2 in T24-GCB cells compared with in T24 cells ( Fig. 2A) . With respect to the expression of membranous ABC proteins and cytoplasmic metabolism proteins in native T24 and MDR cell lines-T24-GCB, the protein expression of ABCC2 was significantly increased three-fold, and expression of ABCB1, ABCG2, DCK, TK1 and TK2 were significantly decreased in T24-GCB cells compared with the parental T24 cell line based on the densitometry analysis ( Fig. 2B ). Fig. 3 , curcumin and resveratrol demonstrated suppression of T24-GCB tumor cell growth independently and in a dose-dependent manner. When combined with GCB, there was an additive effect of curcumin and resveratrol on cytotoxicity. In Fig. 3 , the O/E ratio was used to assess the effects of combinations of compounds and the result was statistically significant ( Fig. 3C and D) There was a significant difference observed in GCB-treated (P<0.001) or GCB plus resveratrol-treated (P<0.01 and P<0.001) T24-GCB cells compared with the control (Fig. 3B ).
Chemoenhancement of GCB by curcumin and resveratrol in the T24-GCB cell line. As shown in

Migratory ability modulation by curcumin in T24 and T24-GCB cell lines.
A wound-healing assay was used to determine the migratory abilities of T24 and T24-GCB cells; T24-GCB showed a similar migratory ability to T24 in the control group after a 6 h treatment. After a 12 h treatment with curcumin and resveratrol (both 10 µM), curcumin significantly reduced T24-GCB migration compared with that of T24-GCB control cells (P<0.001), and resveratrol slightly but significantly decreased the migratory ability of T24-GCB cells (P<0.05; Fig. 4 ). There was a significant difference in the migratory ability of the T24 control group compared with that of the T24-GCB group (P<0.05). Curcumin and resveratrol treatment demonstrated significant inhibition of migration in T24-GCB cells.
Mechanism of MDR modulation by curcumin and resveratrol in the T24-GCB cell line. As aforementioned, it was
proposed that drug resistance in T24-GCB cells results from upregulation of ABCC2, and downregulation of DCK, TK1 and TK2. Subsequently, these proteins were evaluated in T24-GCB cells treated with curcumin (25 µM) or resveratrol (150 µM), alone or in combination with GCB. As shown in Fig. 5 , curcumin and resveratrol resulted in an increase in ABCC2 expression and a decrease in DCK, TK1 and TK2 expression compared with T24-GCB control. Curcumin or resveratrol treatment alone had similar effects, and the combination treatments exerted a more pronounced affect.
Apoptotic changes in the T24-GCB cell line. The protein expression of PARP, which is associated with apoptotic activity, was increased in T24-GCB control cells compared with that in T24-GCB cells treated with 25 µM curcumin or 150 µM resveratrol for 24 hrs (Fig. 6) .
Discussion
In the present study, the GCB-resistant cancer cells were found be resistant to mitomycin C and paclitaxel which is consistent with a previous study (13) With respect to the mechanism of MDR, in previous studies, expression of human equilibrative nucleoside transporter 1 and DCK protein expression levels were decreased, whereas ribonucleotide reductase catalytic subunit M1 protein was increased in association with the acquisition of GCB resistance in non-small cell lung cancer cells (14, 15) . In the present study, DCK protein expression levels were decreased, and TK1 and TK2 protein levels were also decreased in GCB-resistant UCC cells. Conversely, the importance of ABC transporters in mediating drug efflux is well documented and associated with GCB resistance in tumor cells. ABCB1, ABCC1 and ABCG2 expression levels are increased in leukemia and lung cancer cells. (16, 17) . In the present study, ABCC2 expression was markedly increased in GCB-resistant UCC cells. This indicated that GCB-resistant UCC cells established their drug resistance primarily through membranous ABCC2 overexpression (18, 19) . The upregulation of ABCC2 and downregulation of other ABC transporter members compared in the present study suggests that long-term GCB treatment-induced MDR may be associated with efflux of drugs through the membrane via ABCC2. Curcumin is reported to induce cell cycle arrest and apoptosis in vitro in several different types of cancer by modulating multiple signaling pathways, including NF-κB, cyclooxygenase-2, tumor necrosis factor-α, STAT-3 and cyclin D1, reviewed in (20) . Curcumin can induce the apoptosis of human osteosarcoma cells through caspase-3 activation and PARP cleavage (21) . In addition to effects on the cell cycle and apoptosis, curcumin also exhibits anticancer properties by regulating cell survival, proliferation, angiogenesis, invasion and metastasis (22) . It can also inhibit the migration and autophagy-dependent Akt degradation in MDA-MB-231 cells (22) . Curcumin can also reverse MDR by decreasing the expression and function of ABCB1 and by promoting the activation of caspase-3 in gastric cancer cells (23, 24) . Patel and Majumdar (25) reported that curcumin combined with current chemotherapeutics such as 5-fluorouracil, oxaliplatin and GCB enhanced the chemotherapeutic effects in gastrointestinal cancer. In the present study, it was observed that curcumin increased the expression of ABCC2 and cleaved PARP, but decreased the expression of DCK, TK1 and TK2, and inhibited migration of T24-GCB cells. Therefore curcumin not only modulated the growth and MDR of GCB-resistant UCC cells through inhibition of GCB activating or sensitizing enzymes, but also enhanced apoptosis by increasing PARP cleavage.
Resveratrol induces its anticancer effects in different types of tumors, such as colon-rectal cancer, neuroendocrine tumor, liver cancer and prostate cancer, by participating in multiple signaling pathways to induce apoptosis in cancer cells reviewed in references (26, 27) . Resveratrol has been reported to inhibit cancer cell proliferation, induce cell cycle arrest and apoptosis, and these anticancer effects may be due to its ability to modulate signaling molecules involved in these processes, such as inhibition of AKT, RAS/ERK and JAK/STAT3 signaling pathways (28) .
Resveratrol blocks cell cycle via modulation of key regulators, and promotes apoptosis via p53-dependent and -independent mechanisms in prostate cancer (29) . Resveratrol induced antiproliferation/apoptosis in various types of cancers, such as prostate, breast, colon, gastric and melanoma (29) (30) (31) , and was also found to be involved in the inhibition of ABC transporters, and regulation of several pathways such as PTEN/AKT (32) . The present findings suggested that resveratrol combined with GCB caused an increase in cleaved PARP and ABCC2 expression and a decrease in DCK, TK1 and TK2 expression.
In conclusion, both curcumin and resveratrol resensitized the drug resistance of T24-GCB cells to GCB combined therapy, potentially through affecting ABCC2, DCK, TK1 and TK2 function and thereby increasing PARP cleavage and apoptosis.
